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WILM. 

■ Roth  tracking  and  detection  runs  made  by  Squadron 
VX-4  against  conventional  fighter  aircraft  have  been  analyzed 
. . to  give  the  probability  of  detection  in  each  of  too  tactical 

situations,  direct  approach  end  pasting  course.  On.  direct 
approach,  probability  of  detect!:  .£  a single  fighter  is 
attained  at  4 5 miles;  the  Sreop  "Idth  for  e passing  cor.rsr 
% is  about  130  miles.  The  two  factors  which  limit  the 
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^probability  of  detection  and,  therefore,  both  warning  radius 
? and  Sween  r?ldth,  are  sea  return  and  relative  speed.  The 
deta  are  extrapolated  to  predict  results  for  high  speed 
targets,  l.e.,  60C  to  1500  knots,  and  the  llnltatlons  on 
scanning  radar  are  discussed. 


In  evaluating  the  performance  of  an  airborne 
radar  In  search  for  a given  target,  ono  Is  interested  in 
estimating  the  chance  of  detecting  the  target  with  the 
equipment  in  question  in  each  of  the  tactical  situations 
of  operational  interest.  Those  tactical  search  situations 
can  usually  be  treated  as  one  of  two  types,  direct  aonroach 
or  area  search.  In  direct  aonroach  we  are  Interested  in 
detecting  the  target'  by  the  tine  the  range  has  closed  to 
any  given  value,  K,  i.e.,  in  detection  probability  as  a 
function  of  ran^e . On  any  given  track  of  an  area  search, 
we  are  interested  in  the  probability  of  detection  while 
target  and  search  craft  a^e  nassing  each  other  at  any  given 
distance  of  closest  approach,  or  lateral  range,  i.e.,  in 
detection  probability  es  a function  c>f  lateral  range. 

These  cases  are  discussed  in  reference  (b) . 

The  tests  wore  made  by  Squadron  VX-4  of  the 
Operational  Development  Force.  They  were  designed  to  provide 
data  from  which  these  probabilities  of  detection  could  be 
determined;  the  details  of  these  tests,  and  the  results  and 
conclusions  obtained  from  them  are  described  in  detail  in 
reference  (a).  The  prinary  concern  of  this  study  is  the 
methods  of  analysis  emoloyed  in  obtaining  the  results,  and 
the  influence  which  these  methods  had  on  the  design  of  the 
tests;  the  trials  themselves,  the  results  and  conclusions 
are  described  only  briefly  here. 

The  trial  runs,  in  general,,  were  of  two  types: 
tracking  runs  to  determine  the  performance  of  the  radar 
Itself  {and  detection  runs-  to  determine  the  performance  of 
radar  and  operator  to^etner  (see  reference  (a')«  There 
were  two  main  sets  of  tracking  runs,  differing  chiefly  in 
emphasis.  In  the  first  set,  the  object  was  to  tracv  a target 
consisting  of  27F  or  2VA  aircraft  over  as  great  a distance 
as  possible  between  a minimum  and  a maximum  range,  using 
various  combinations  of  A FT’.’  and  target  altitudes.  In  the 
second  set,  the  object  was  to  study  the  effect  of  one 
variable  at  a time  on  the  performance  of  the  radar,  with  all 
other  variables  held  as  nearly  const? nt  as  possible.  On  all 
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tracking  runs,  the  blip/scan  ratio,  i.e.,  the  fraction 
of  the  radar  scans  on  which  blips  appeared,  was  taken  as  a 
neasure  of  tho  performance  of  the  radar.  This  quantity, 

\j)  was  ncasured  for  various  ranges  between  minimum  and 
maximum  under  each  of  a number  of  operational  conditions. 

The  detection  runs  were  ri3de  using  2VF's,  2Va  s, 
or  equivalent,  as  targets.  The  AET.7  planes  maintained  a short 
patrol,  from  40  to  50  miles  long,  parallel  to  shore.  The 
targots  wore  vectored  away  fr^m  land  until  they  were  beyond 
radar  range.  The  planes  were  instructed  then  to  attempt 
undetected  passage  of  the  short  patrol  line. 

2,  Dependence  of  Blip/Scan  Ratio  on  AEIV  and  Target  Altjtudep. 

The  original  data,  presented  as  enclosure  (C)  to 
reference  (a),  show  that  while  large  fluctuations  are  observed 
from  run  to  run  within  a range  band  little  or  no  systematic 
trend  is  apparent.  Y/ithir  the  accuracy  of  the  tests,  there  is 
no  dependence  of  blip/scar  ratio  upon  either  ATC.  or  target 
altitudes  over  the  range  cj  altrtudis  investigated. 


For  the  lowest  altltule  combination  shown,  AL 
aircraft  at  1,000  feet  and  target  at  500  feet,  the  radar  range, 
as  limited  by  radar  horizon,  is  only  68  miles;  yet  the  average 
blip/scan  ratio  is  above  zero  out  to  120  miles.  Furthermore, 
the  blip/scan  ratio  for  ten  mile  range  bands  above  63  miles 
does  not  differ  from  those  for  other  altitude  combinations 
\7ithin  tho  accuracy  of  tho  measurements.  The  reason  for  t ils 
rather  surprising  result  is  believed  to  have  been  the  occurr- 
ence at  low  altitudes  of  "anomalous  transmission"  during  a 
large  enough  fraction  of  these  runs  to  bring  the  average  up 
(see  reference  (a),  page  22,  paragraph  5). 

The  variation  of  the  fraction  ;f  effective  scans, 
vjj  j with  range  is  commuted  from  all  the  tracking  runs 
recorded  in  enclosure  (C)  of  reference  (a),  indicated  by  the 
solid  lino  in  Figure  1.  This  is  the  curve  on  which  the 
various  analyses  presented  in  this  report  are  based. 
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Figure  1.  BLIP/SCAN  RATIO 


3.  Dependence  of  BUr./fcnr  Patio  on  'Tiinvnr  cf  Mrcr.Pt. 

In  a given  tactics"  situation  the  to  hc 

detected  nay  consist  of  one  or  nany  aircraft..  If  these 
aircraft  cone  in  from  poslti jus  widely  separated  ir.  - .cz 
range  or  azimuth,  they  will  appear  as  separate,  slrifle 
aircraft  targets.  On  the  ot'.er  hand,  if  they  are  flying  i - 
a formation,  the  total  extent  of  which  ir.  any  direction  is 
less  than  1 or  2 miles,  they  will  aoorr.r  £3  a single  tsTgi J. . 
To  determine  f fcr  each  of  ths  various  possible  nunbc's  cf 
aircraft  reading  up  the  targel  by  direct  test  could  require*  a 
prohibitive  amovr.t  cf  flying  effort,  it  1?  de sir.Vlc, 
therefore,  to  develop  an  orurticn  by  moons  of  .7hi':h  yj 
for  any  given  number  of  aircraft  car.  t"  predicted  fro:,  -.he 
data  obtained  with  e single  aircraft.  This  equation  is 
developed  as  follows* 


The  blip/cean  rati'  for  a tai’get  consisting  o"  0 
single  aircraft  '.s  y;,  'V  is  that  for  a 'tan  pc'; 

consisting  of  n aircyyift.  ''!■  arc  interested  in.  ohirilrlns 
\v'  in  terns  r./'  y/  and  n The  chance  that  a slr«y!*e 
aircraft  will  nroduoo  a hi  in  or  ;.n y given  scar.  is  p 1 
the  chance  t at  a single  aircraft  will  rot  nro  -uc-»  a 'll’' 
is  1-  u>  . If  the^o  arc  r aircraft,  tho  p-obuhility  *>\t 
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none  of  ther  n aircraft  will  produce  a blip  on  a given  scan 
is  (1-  )' . Finally,  the  chance  that  at  least  one  of  the 

n aircraft  will  produce  a blip  is 

(1)  = I - (1-  f)*1 

This  equation  can  be  rearranged  to  give  y/  in  terms  of  y;1 

fi  s 

t * 1-0- 

Consequently,  rlv;n  the  blip/scan  ratio  for  a target 
consisting  of  a g4ven  number  of  aircraft,  the  blip/scan  ratio 
for  a target  consisting  of  any  other  number  of  aircraft  can 
be  computed. 

In  the  VX-4  tests,  runs  were  made  to  compare  the 
blip/scan  ratio  for  one  aircraft  with  that  for  two.  Those 
data  can  be  used  to  test  Equation  (1).  The  two  aircraft  flew 
in  formation  with  the  third  sufficiently  separated  from  tna  two 
to  produce  indeoendent  blips  on  the  screen,  yet  not  so  far 
away  as  to  be  unescorted.  Both  targets  were  tracked 
simultaneously.  The  blip/scan  curves  obtained  are  presented 
in  Figure  2.  The  broken  line  is  the  blip/scan  curve  for  two 
olanes  computed  frv/.n  equation  (1).  Except  for  one  point 
which  seems  to  be  off,  this  computed  curve  is  in  reasonably 
good  agreement  with  the  two  plane  curve  obtained  directly. 

The  differences  observed  are  those  to  be  expected  from  the 
averaging  procedures  employed.  This  is  discussed  in  the 
Aopondix. 
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4.  Dependence  of  y/  cn  Rate  of  Scan. 

Comparative  runs  were  made  to  determine  the 
difference  between  the  blip/scan  ratio  obtained  with  the 
norma?  scanning  rate  of  6 sweeps  per  minute  and  that  with 
3 sweeps  per  minute.  The  comparative  results  from 
reference  (a)  are  reprinted  in  Figure  3.  No  theoretical 
relationship  between  these  two  curves  is  proposed.  It  is 
clear  from  the  curves  that  at  long  ranges  the  blip/scan 
ratio  is  higher  for  the  slowor  scanning  rate.  The  weaher 
signals  tend  to  build  up  during  the  added  tine  allowed  by 
the  slower  scan. 


Figure  3.  COMPARISON  BETWEEN  NORMAL  AND  SLOW  SCAN 
Blip/Scan  Ratio  vs.  Range 
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5.  Dependence  of  ijj  on  Padius  of  the  Pes  ? etnrn. 

Since  the  tracking  runs  Mere  wade  under  "tracvir.g 
conditions",  special  circuits  v»ere  used  freely  to  trac’' 
through  the  sea  return.  Therefore,  the  dependence  of  yh 
O'-  sea  return,  to  he  e::nected  under  detection  conditions, 
was  not  neasured  directly.  The  effect  of  sea  return  on 
detection  will  be  considered  later  in  connection  with 
detection. 


6 .  Dependence  of  *Jj  or  Sneclal  Circuits. 

The  ATI/APS-2C  has  a number  of  special  circuits 
for  the  suppression  of  sea  return  and  other  ces  of  noise. 
Iiuns  w ere  made  to  compare  the  blip/rcan  ratio  at  various 
ranges,  using  any  one  of  a number  of  circuit  combinations, 
with  that  using  the  receiver  in  a standard  condition  (7ty> 
gain  and  ro  special  circuits).  The  number  of  circuit 
combinations  tested  was  so  large  that  it  was  possible  to 
maho  only  a small  number  of  runs  with  each  combination, 
five  runs  with,  the  given  circuit  combination  and  five  under 
the  standard  condition,  because  o"  smallness  of  the  data 
samples  obtained,  no  definite  conclusion  cold  be  drawn. 

The  indications  were  that  all  the  circuits  test  d were 
useful  for  tracking  through  clutter,  but  that  only  one, 

STC  (sensitivity  ti-’e  control),  was  useful  for  detection. 

This  results  fro  the  fact  that  the  improvement  in 
performance  inside  the  see  ret  tp.  is  obtained  only  at  the 
expense  of  the  blin/scnn  ratio  outside  the  sea  return  in 
all  except  the  one  ease,  '-’or  mo’-e  detail  see  reference  (a). 


7.  Hfrect  of  Altitude  on  Standard  Pea  Foturn. 

During  the  detection  runs,  the  sea  return  was 
always  recorded  under  the  same  standard  set.  of  ( craft  ions , 
70|5  gain  p.nd  no  special  anti-clutter  circuits.  Oj.  a number 
of  flights,  the  sea  return  was  measured  at  more  than  one 
altitude.  It  was  possible,  therefore,  to  determine  the 
extent  to  which  the  sea  return  depends  upon  the  altitude,  of 
the  A!77  aircraft.  It  was  concluded  that,  within  the  errors 
to  be  expected  in  the  test.:,  the  sea  return  varies  with  the 
square  root  of  the  AF ''  aircraft  altitude.  This  point  is 
discussed  more  fully  in  reference  (a). 
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8.  Effect  oT  Pea  State  op' Sea  r.etum. 

Havin'’  determined  the  dependence  of  sea  return  on 
altitude,  it  -vns  possible  to  eliminate  the  altitude  variable, 
and  to  determine  the  extent  to  which  the  sea  return  depends 
uoon  the  sea  state  as  estimated  from  the  air  and  recorded 
according  to  the  Eeaufort  Sc ale.  r’hen  several  aircraft 
estimated  the  sane  sea,  they  seldom  differed  by  more  than 
one  unit.  It  can  be  assumed,  therefore,  that  these 
estimates  are  consistent  to  within  one  unit. 

In  Pirure  4,  reprinted  from  reference  (a),  the 
sea  return  with  the  AIT"  nlrcrsft  at  1,C'C0  feet  is  presented 
for  various  sea  states.  The  scatter  ir  points  is  greater 
than  that,  to  be  expected  on  t'  e assumption  of  errors  in 
estimating  the  sea  state.  It  is  concluded  that  while  there 
is  Cone  correlation  between  spa  state  and  sea  return,  the 
heaufort  Scale  does  net  dcrcribe  a!1  t'  e characteristics  of 
the  sea  which  contribute  to  the  sea  return  for  S-hand  radar. 


Figure  4.  DEPENDENCE  OF  SEA  RETURN  ON  S£A  STATE 
AEW  Altitude  1,000  Feet 
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9.  Detection  Tuns. 

The  Individual  detection  rune  arc  listed  in 
cnclosuro  (D)  of  reference  (a).  They  were  all  made  using 
2VF's,  2,’A,s,  or  equivalent,  as  target.  The  tactical 
situation  selected  for  test  was  that  of  direct  approach  of 
the  target  toward  the  A*!?  aircraft.  The  AE?”  &1j craft 
could  not  stand  stilly  >.or  could  it  use  Its  rader  effectively 
whi£a  orbiting.  Therefore,  It  patrolled  a short  line, 

4C  or  50  niles  In  length,  while  the  target  attempted 
undetected  passage  across  this  line.  The  analysis  considered 
each  run  as  a direct  approach  of  the  target  to  some 
representative  or  average  position  of  the  AEW  aircraft.  The 
details  of  this  procedure  are  described  in  reference  (a); 
the  Justification  for  It  is  given  in  the  Appendix  of  the 
present  renort. 

The  three  operational  variables  considered  In  the 
analysis  of  the  detection  data  were  altitude,  target  speed, 
and  the  radial  extent  of  the  sea  return.  The  tracking  runs 
showed  that  altitude  of  either  AEVJ  or  target  aircraft  as 
such  had  no  consistent  effect  or.  the  blip/scan  ratio  and, 
hence,  could  not  be  exooctod  to  :.ffcct  detection  over  the 
altitudes  included  in  the  tests.  The  range  of  target  speeds 
was  not  great  enough  to  permit  analysis  of  the  effect  of 
target  speed;  the  average  speed  of  155  toots  was  used  in 
the  analysis.  The  data  were  analyzed  in  three  groups 
according  to  the  extent  of  the  sea  return:  runs  for  which 
the  sea  return  ••:as  between  0 and  25  niles,  25  or.d  50,  and 
50  and  75  miles.  In  oac’->  of  tbs  first  two  groups,  the 
probability  of  detection  by  ran~e,  It,  was  taVen  as  the 
quotient  of  the  number  of  detections  at  and  beyond  and 

the  total  number  of  runs  in  the  group.  For  the  third  group, 
an  effective),  rather  than  the  actual*  number  of  runs  in  the 
group  nas  used.  This  effective  number  of  runs  and  the  reason 
for  using  it  are  described  below. 

On  a number  of  the  flights  ir.  which  the  sea  return 
was  between  50  end  75  miles,  the  first  few  runs  resulted 
ir.  no  detections.  Rather  than  waste  flying  effort  with  no 
detections  under  theje  conditions,  the  flight  wre  usually 
continued  at  a more  favorable  altitude  (smaller  soa  return). 
Or  a number  of  similar  flip!  tr,  the  first  few  runs  resulted 
in  some  dctoctions,  and -this  fltf,  t v.os  continued  at  tic 
higher  altitude.  P"flle  this  procedure  was  conservative  of 
flying  effort,  it  tended  to  b as  the  results  in  favor  of 
peak  performance  of  both  equirno: t and  personnel.  To  get 
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around  this  bias,  the  following  procedure  was  employed  in 
analyzing  the  data.  For  each  flight  with  sea  return  between 
50  and  75  niles,  the  fraction  of  the  runs  which  were 
successful  was  computed.  An  average  fraction  of  runs 
successful  was  then  computed,  giving  each  flight  the  same 
statistical  weight,  regardless  of  the  number  of  runs  made. 

The  total  number  of  detections  for  the  whole  group  was  then 
divided  by  this  average  fraction  of  runs  successful  to  give 
an  effective  number  of  runs.  This  effective  numbers  of  runs, 
greater  than  the  actual,  can  be  thought  of  as  including  these 
runs  which  would  have  been  made  had  flight  been  continued 
when  conditions  were  unfavorable.  There  was  no  evidence  of 
any  bias  for  the  runs  in  the  other  two  sea  return  groups. 

The  detection  results  obtained  for  the  three  sea 
return  groups  are  reprinted  from  reference  (a)  in  Figures  5, 
6,  and  7.  The  solid  line  in  each  of  these  figures  was 
computed,  using  the  blio/scan  ratio.  , and  p0,  the  chance 
that  an  operator  will  see  a given  blip  presented  on  a given 
scan  by  the  method  described  in  reference  (b).  The  arguments 
on  which  the  calculation  is  based  are  given  briefly  in 
reference  (b)  and  in  more  detail  in  references  (c)  and  (d). 
The  blip/scan  data  used  are  presented  in  Figure  1,  A value 
of  0.0?  was  selected  for  p0  as  giving  the  best  fit  of  the 
detection  data  for  sea  return  0 to  25  miles.  The  details  of 
fitting  these  particular  data  are  given  in  the  Appendix. 

Figure  5.  PR  OB  ABILITY  OP  DETECTION  BY  RANGE  R 

Sea  Return  0 to  25  Miles  Average  Speed  - 155  Knots 
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Figure  6.  PROBABILITY  OF  DETECTION  BY  RANGE  B 
Sea  Return  25  - 50  Riles 
Average  6pee4  - 155  Knots 


Figure  7.  PROBABILITY  OF  DETECTION  BY  RANGE  R 
Sea  Return  50  - 75  Riles 
Average  Speed  - 155  Knots 
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Examination  of  Figures  5»  and  7 chows  few 
detections  In  the  sea  return.  Furthermore,  there  Is 
evidence,  particularly  in  Figure  7,  that  more  detections 
are  nado  at  rrcr*  ranges  then  are  predicted  from  commutations 
bated  on  the  blip/scan  curve  of  Figure  2.  This  is  not 
surprising  when  we  remember  t”'at  the  calculations  assume 
uniform  search  effort  over  the  entire  scope.  If  the  sea 
return  ic  extensive,  the  search  effort  is  no  longer  uniform 
but  is  concentrated  in  the  long-range  region.  The  value  of 
n0  rrhjch  best  fits  the  data,  0.C5,  is  about  twice  that  for 
the  snorkel  target,  as  described  ir;  references  (e)  and  (f^. 
This  agrees  vjJf  operational  experience  indicating  that  an 
air  target  is  easier  to  distinguish  on  the  ^PI  scone  than  a 
snorkel ing  submarine. 


10 . Probability  of  Detection  on  Direct  Aroroacfr 
of  rotative  'SoeeA. 


- Influence 


As  stated  in  Section  9,  the  spread  in  target 
speeds  in  the  actual  tests  was  not  groat  enough  to  warrant 
analysis  by  target  speed.  However,  the  direct  approach 
curves  can  be  computed  for  various  relative  speeds  from  the 
blip/scar,  ratio  using  the  blln/scar;  theory  outlined  in 
reference  (b).  The  resulting  curves  for  one  and  tvjo 
aircraft  targets  are  presented  in  Figure  8.  The  first  three 
pa'.rs  of  curves,  for  200  . 4C9  and  bOC  knots  are  reprinted 
from  reference  '.a).  These  are  useful  operationally  for 
determining  the  probability  of  being  intercepted  without 
warning.  The  fourth  r.air  of  curves,  for  1500  knots 
relative  speed,  has  been  added  in  order  to  provide  a glimose 
into  the  future. 
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The  decrease  In  probability  of  detection  with 
Increase  In  relative  speed  arises  froi  tve  decreasing 
number  of  radar  scans  oor  milo  of  relative  track,  as  can  be 
seen  from  Equation  (£<.)  of  the  Appendix.  At  first  sight, 
one  night  hone  to  Improve  the  situation  by  increasing  the 
radar  scanning-rate.  'Tn  this  connection  there  are  two 
serious  difficulties  which  could  not  easily  have  been  fore- 
seen. Inference  to  Figure  3 shows  that  a reduction  in 
scanning  rate  below  the  standard  6 r.p.m.,  leads  at  long  ranges 
to  an  improvement  in  the  blip/scan  ratio,  i.e.,  the  fraction 
of  t^e  scans  on  which  blips  appear.  Fence,  an  increase  in 
radar  scanning  rate  beyond  the  standard  6 r.p.n.  can  be 
expected  to  lead  to  a reduction  in  the  blip/scan  ratio.  At 
first  sight  this  does  not  appear  serious  if  the  total 
number  of  blips  presented  sbous  a net  increase,  nowever, 
the  low  value  of  0.05  for  n0.  the  probability  that  the 
operator  will  see  a blip  if  it  appears  on  any  given  radar 
scan,  indicates  that  even  t'  e ten  seconds  between  scans 
allowed  by  the  standard  rate  of  6 r.p.n.  does  not  permit  tbe 
operator  to  search  the  scone  thoroughly.  Increasing  the 
scanning  mate  will  further  decrease  the  time  per  radar  scan 
permitted  for  visual  search,  so  that  pG  nay  well  decrease 
in  proportion  to  the  reciprocal  of  the  scanning-rate.  In 
view  of  the  evidence  of  scanning  loss  even  at  o r.p.m..  and 
the  physiological  limitations  of  the  radar  operator,  it 
would  appear  that  there  is  little  or  no  hope  for  any  great 
gain  in  detection  probability  to  be  realized  through  an 
increase  in  radar  scan' ing-rate. 

11.  Probability  of  Detection  on  o Passing  Course  - 
Lateral  } gnr.e  Curves. 

In  most  of  the  tactical  air-search  situations  which 
arise  in  actual  operations,  one  is  interested,  not  in  direct 
approach  of  the  target  toward  the  search  plane,  but  in  cases 
in  which  the  target  passes  at  some  minimum  distance,  or 
lateral  range.  The  cumulative  probability  of  detection  for 
each  lateral  range  cannot  be  obtained  directly  from  the 
detection  runs  because  these  runs  were  designed  for  a different 
tactical  situation,  that  of  direct  approach.  It  can  be 
computed,  however,  using  the  blip/scan  theory  and  the  vain** 
of  p0  obtained  from  the  direct  approach  runs  (too  -eferaace  (b)). 
while  the  result  obtained  is  a computed  one,  sufficient 
confidence  can  be  placed  in  it  to  eliminate  the  need  for 
laborious  detection  runs  to  determine  it  directly.  The 
details  of  the  computations  and  the  raw  materials  from  which 
this  probability  can  be  computed  for  cases  other  than  those 
given  here  are  presented  lr  the  Appendix. 
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The  commutations  to  be  discussed  assume  the 
validity  of  the  biip/scan  theory  and  the  valuo  of  p0 
obtained  from  the  direct  apnroach  runs.  Three  other 
assumptions  aro  made  to  yield  conservative  estimates. 

First,  the  urinary  data  of  Figure  1,  while  taken  under 
tracking  conditions,  do  not  reoresent  sero  sea  return 
conditions.  It  is  assumed  that  they  db;  this  assumption 
is  conservative.  It  is  assumed  that  no  detoctions  can  be 
expected  in  the  Sea  return,  and  this  assumntion  is  believed 
to  be  very  nearly  true;  In  any  event,  it  is  conservative. 

It  is  further  assumed  that  if  the  sea  return  is  extensive, 
there  is  no  improvement  due  to  concentration  of  search 
of  fort  at  long  ranees.  In  view  of  the  evidence  of 
Improvement  shown,  particularly  in  Figure  7*  this  assumption 
is  definitely  conservative. 

On  the  basis  Just  described,  lateral  ranee  curves 
have  been  computed  as  examples  to  show  the  effects  of  the 
two  main  variables,  sea  return  and  relative  speed,  i.e.t 
the  soeed  of  the  tercet  considering  the  AET"  aircraft  as 
fixed  in  space.  In  Flcure  9,  a typical  relative  speed  of 
200  knots  has  been  selected  and  the  curves  computed  for 
various  sea  returns.  In  Figure  10,  a typical  sea  return 
of  20  miles  has  been  selected  and  curves  computed  for 
various  relative  speeds.  Curves  for  other  cases  of 
interest  can  be  computed  by  the  methods  outlined  in  the 
Appendix. 
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Figure  9.  HI  OB ABILITY  OF  DETECTION  - SINGIZ  AIRCRAFT  TARGET 
Computed  from  Bllp/Bcan  Relative  Speed  - 200  Khote 
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In  soarch  situations  in  which  there  16  no  over- 
lapping of  search  effort  on  successive  tracks  of  the  search 
aircraft,  one  Is  not  Interested  In  the  detailed  structaivc 
of  the  lateral  range  curve,  but  in  the  width  of  tho  strip 
on  both  sides  of  the  aircraft,  which  is  effectively 
searched  conplotely.  The  width  of  this  strip  is  known  as 
the  Sneen  T'ldth.  Its  value  is  given  by  ^wice  the  area  under 
the  lateral  range  curve,  once  for  each  side  of  track.  A 
brief  discussion  of  8weep  V/idth  is  given  in  reference  (b), 
and  in  more  detail  in  Chapter  5 of  reference  <g).  To  show 
tho  effect  of  sea  return  and  relative  soeed  on  Sweep  Tidth, 
this  quantity  has  been  conputed  fron  the  curves  of  Figures  9 
and  10  and  is  presented  in  Figures  11  and  12. 


Figure  11.  SWEEP  WIDTH  - SINGLE  AIRCRAFT  TARGETS 


Relative  Speed  - 200  Knots 


fop  return  (lilies.) 
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Figure  12.  SWEEP  WIDTH  - SINGLE  AIRCRAFT  TARGETS 
Sea  Return  - 20  Miles 
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It  Is  quite  clear  from  Fig’ires  11  and  12  that 
Increases  In  sea  return  and  relative  speed  greatly  reduce 
the  Sween  Xldth  and,  hence,  the  effectiveness  of  search. 

For  single  aircraft  it  would  appear  that  sea  return 
extending  out  to  40  niles  will  not  seriously  affect  the 
Sweep  ’Vidthj  beyond  this  point  sea  rottirn  becomes  extremely 
important,  little  can  be  done  with  scanning  radar  against 
high  speed  fighters.  The  effect  of  speed  on  Sweep  Width, 
shown  in  Figure  12,  demonstrates  the  advantage  to  our  own 
forces  of  using  high  speed  aircraft  against  an  enemy  who 
employs  scanning  radar  for  detecting  aircraft. 
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SUMMARY 


1.  Tracking  runs  show  that  neither  AEW  nor  target 
altitude  Influences  the  percentage  of  scans  effective,  i.e., 
the  bllo/scan  ratio  over  the  range  of  altitudes  included 

in  the  tests  (target  altitudes  500-4.000  feet.  AEW  altitudes 
1,000-10,000  feet). 

2.  Conparison  of  tracking  results  for  targets  consisting 
of  one  and  two  aircraft  permits  the  orediction  of  the  kiln/ scan 
ratio  for  any  number  of  aircraft  making  up  a formation, 
provided  the  formation  does  not  extend  more  than  one  or  two 
miles  in  either  direction. 

3.  There  is  evidence  of  scanning  loss  even  at  the  low 
scanning  rate  of  6 r.p.m.  as  shown  by  the  fact  that  the 
blip/scan  ratio  for  3 r.p.m.  is  greater  than  that  for  six. 

4.  All  special  anti-clutter  circuits  tested  are 
useful  for  tracking  through  the  sea  return. 

5.  Only  one  of  the  anti-clutter  circuits.  STC 
(sensitivity  time  control),  appears  useful  for  detection. 

6.  The  detection  probabilities  determined  directly 
from  detection  runs  are  in  good  agreement  with  those  computed 
from  the  blip/scan  ratio. 

i 

7.  The  detection  probability  for  both  direct  aonrooh 
and  a nassing  course  is  reduced  if  nart  of  the  track  passes 
through  the  sea  return. 

8.  The  detection  probability  decreases  as  the  speed 
of  the  target  Increases,  keeping  the  AEV.'  speed  constant. 

Submitted .by*  , 


E.  S.  LAMAR, 

Operations  Evaluation  Group. 


Computations^by t 

E.  MARCUSE 

Operations  Evaluation  Group. 
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APPEM)g 

1.  Blip/Scan  Patio  - One  and  Two  Aircraft. 

' In  Section  3,  reasonably  good  agreement  was  shown 
between  the'  measured  blip/scan  ratio  for  a two  plane  target 
and  that  computed  from  the  measurements  for  one  aircraft. 
However,  the  computed  values  were  higher  at  every  point 
than  the  measured  one  (Figure  2).  It  is  believed  that  this 
discrepancy  arose  because  of  the  averaging  procedure 
employed.'  Assuming  for  the  moment  that  Equation  (1)  holds 
exactly  for  any  given  run  in  which  hoth  targets  were  tracked 
simultaneously,  then 

f‘  = l-U  -f)1"  (la) 

= Zy-y2-  . ' . 

The  average  value  of  (1/1  obtained  from  all  the  runs, 
should  be  ' 

Esther  than  computing  as  indicated  by  Equation  (1)  for  each 
run  and  then  avoraging  the  results,  we  have  averaged  and 
then  made  the  computation^  consequently,  the  computed  value 
of  y/'  plotted  in  Figure  2 is 

The  difference  between  this  and  the  expression  above  lies^ 
in  the  last  term.  Since  f >■  is  always  greater  than  y 
the  computed  value  of  y1  is  always  greater  than  the 
measured  value.  Ilowever,  the  discrepancy  seems  too  small  to 
Justify  the  use  of  the  more  elaborate  averaging  procedure. 


2. 


Justification  for  Direct  Approach  Treatment 
Detection  Data. 


of 


The  Justification  proposed  here  for  treating  oach 
detection  run  as  a direct  approach  to  some  average  position 
of  the  AETC  aircraft  makes  no  claim  to  mathematical  rV:r. 

It  is  simply  employed  to  indicate  that,  for  the  patrol  line 
used  In  the  tests,  the  errors  introduced  are  not  large. 

If  it  were  possible  to  maintain  the  AEW  aircraft  stationary , 
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the  target  could  approach  directly.  Because  of  the  fact 
that  the  ATTJ  aircraft  is  oatrolling  hack  and  forth,  the 
track  of  the  target  relative  to  the  search  craft  is  not 
direct,  but  is  broken  into  a zig-zag  line.  I7e  propose  to 
show  that  the  probability  of  detection  for  this  zig-zag 
track  is  not  appreciably  different  fron  that  for  the  direct 
approach.'  The  direct  approach  track  will  be  known  as  the 
equivalent  track  in  the  following  discussion. 

The  two  quantities  which  determine  the  probability 
of  detection  are  the  blip/scan  ratio  and  the  number  of 
radar  scans.  In  order  to  comoare  the  probabilities  of 
detection  for  the  direct  and  the  zig-r*..g  tracks,  the  bllp/scan 
ratios  for  the  two  tracks  at  points  corresponding  in  time 
and, hence,  in  number  of  radar  scans 1 will  be  compared.  If  for 
these  corresponding  tines  the  blip/scan  ratios  are  equal, 
it  will  be  assumed  that  the  probabilities  of  detection  are 
also  equal.  The  blip/scan  ratio  data  used  are  those  for  a two 
plane  target,  obtained  from  Figure  1. 


There  are  available  for  comparison  many  pc-ssible 
pairs  of  tracks,  from  which  critical  ones  will  be  selected. 

In  order  to  determine  which  pr.lrs  of  tracks  are  critical,  the 
various  methods  by  which  the  target  night  approach  the  patrol 
line  must  bo  considered  first.  He  can  approach  anywhere  between 
normal  and  grazing  incidence.  For  normal  incidence,  it  nay 
be  discerned  that,  for  any  two  corresponding  points,  one  on 
the  actual  track  and  one  on  the  equivalent,  the  range  to  the 
AEW  plane  from  the  point  on  the  actual  track  is  always  equal 
to, or  greater  than,  that  from  tho  corresponding  point  on  the 
equivalent  track.  If  the  equivalent  rather  than  the  actual 
track  is  usod,  there  will  always  be  a systematic  error.  For 
grazing  incidence,  the  range  to  the  AElV  plane  from  tho  point 
on  the  actual  track  may  be  either  greater  than, or  less  than, 
the  range  from  the  corresponding  point  on  the  equivalent 
track.  If  the  equivalent  rather  than  the  actual  track  is 
used,  the  errors  which  occur  in  the  individual  runs  will 
tend  to  average  out.  Therefore,  the  critical  situation, 
examined  in  the  following  paragraphs,  is  that  of  normal 
Incidence  in  which  there  is  a definite  systematic  error. 

The  most  provable  normal  incidence  case  is  one  in 
which  the  target  attempts  undetected  passage  across  the 
center  of  the  patrol  line.  Figure  13  present?  the  two 
limiting  cases  (along  with  that  of  equivalent  track)  where* 

(1)  the  AT?”  Plane  i3  at  the  center  of  the  patrol  line  when 
the  target  crosses,  and  (2)  the  AI7V  plane  is  at  the  end  of 
the  patrol  line.  Beyond  23  miles,  there  is  little  difference 
between  them,  and  t'^e  systematic  error  does  not  seem  serious ; 
the  ranges  within  2C  miles  are  of  little  interest. 
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The  least  probable  situation  for  normal  Incidence 
is  one  in  which  the  target  attempts  passage  across  the  end  of 
the  patrol  line.  Figure  14  presents  two  limiting  cases 
(together  with  that  of  equivalent  -track),  whore:  (1)  the 
AE17  plane  is  at  the  same  end  of  the  patrol  line  as  the  target 
at  tine  of  crossing,  and  (2)  tho  AEW  plane  is  at  the  opposite 
end.  For  the  first  instance,  there  is  little  difference 
between  the  actual  and  the  equivalent  path  beyond  20  miles; 
for  the  second  case,  there  is  considerable  difference  in  the 
blip/scan  ratio,  the  maximum  difference  which  odcurs  at  50  miles 
being  40/6  of  the  blip/sean  ratio  for  the  equivalent  track. 

If  each  of  the  four  cases  were  equally  probable, 
the  average  error  which  has  Its  maximum  at  50  miles  would  be 
1 2%.  Actually,  the  two  latter  cases  are  much  less  probable 
than  the  former;  consequently,  this  error  is  considerably 
less  than  12,1  at  50  miles."  As  the  angle  of  incidence  changes 
from  90°  tu  0°,  the  error  tends  to  divide  into  two  parts* 
a systematic  error  which  becomes  0 r.t  0°,  and  a random  error 
which  reaches  its  maximum  at  0C,  This  random  error  tends  to 
average  out  over  the  various  runs. 

It  may  be  Concluded  that  any  systematic  error 
which  occurs  over  all  runs,  regardless  of  angle  of 
incidence,  point  of  crossing  the  patrol  line,  or  position  of 
the  AET7  plane  at  time  of  crossing,  will  have  an  average 
value  considerably  less  than  12$,  and  that  the  random  errors 
will  tend  to  average  out.  Therefore,  the  use  of  an  equivalent 
target  track  is  Justified  for  the  accuracy  required  in  this 
analysis.  , 
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3.  Basic  Computations  from  the_Bllp/Scan  Theory. 


The  blip/scan  theory  of  detection  Is  described 
fully  In  the  references  given  In  the  text.  For  present 
purposes  we  shall  select  the  following  f raise  of  reference, 
Let  x be  the  distance  of  nearest  approach,  known  as  the 
lateral  range,  and  let  y be  the  other  orthogonal 
coordinate,  measured  parallel  to  the  relative  track  and 
from  the  point  of  nearest  approach.  In  this  frame  of 
reference,  for  any  given  value  of  ~ , the  probability 

of  detection  P Is  given  by 


(2a) 


where  n Is  the  number  of  radar  scans  per  mile  of  relative 
track,  p0  is  the  operator  factor  described  In  the  text,  and 
w Is  the  blip/scan  ratio. 

• . 

The  Integral,  [ » is  presented  for 

various  distances  of  closest  approach  or  lateral  range,  x, 
in  Figure  15  for  a two  plane  target  and  in  Figure  16  for  a 
single  plane  target  (Figure  1 glvos  bllp/scdn  ratio  data 
from  which  these  integrals  were  computed.)  Since  the 
bllp/scan  ratio  is  symmetrical  about  y « 0,  only  positive 
values  of  y have  been  Included  in  the  two  figures. 


4.  Determination  of  the  Operator  Factor,  po. 

The  actual  fitting  of  the  experimental  curve  to 
give  a value  of  the  chance,  Po»  that  the  operator  will  see 
any  given  blip,  was  done  in  the  logarithm.  Log  Q • log  (1-P) 
was  computed  from  th9  direct  approach  detection  data  of 
Figure  5,  and  the  negative  of  this  was  plotted  in  Figure  17. 

The  ordinetes  of  the  curve  for  x ■ 0,  (Figure  15)  i.e.,  direct  approach, 
were  then  multiplied  by  a constant  to  give  the  best  fit  in  the 
intermediate  range  band; this  process  is  represented  by  the 
solid  line  of  Figure  17.  The  factor  required  was  0.116  ■ non. 

The  average  speed  was  155  knots;  accordingly  there  were  0.3°7 
minutes  per  mile.  The  scanning  rate  was  6 r.p.m. f therefore, n, 
the  number  of  scans  per  mile,  was  2.32.  Solving  for  p0  gives 
0.05.  Except  in  the  reclon  where  sea  return  can  be  expected  to 
reduce  the  results  below  those  computed  from  the  blip/scan 
ratio,  the  fit  is  quite  satisfactory.  The  one  point  off  the  curve 
at  29  miles  can  not  be  taken  too  seriously  because  of  random 
fluctuations  to  be  expected  in  such  a small  sample  of  data. 
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Flfurt  17.  DETERMINATION  OF  P0 
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The  various  curves  presented  in  Figure  8 were 
computed  for  each  target  speed  by  determining  first  the  pro- 
duct of  p0  and  the  number  of  scans  per  mile.  This  product 
was  then  multiplied  by  each  of  a number  of  values  of  the 
bllp/scan  Integral  for  x * 0 . l.e.,  for  direct  approach,  as 
obtained  from  Figures  15  and  16.  The  result  of  each  computation 
gives  a value  for  - log  Q.  From  this,  Q was  found  and  sub- 
tracted from  unity  to  give  P,  the  probability  of  detection. 

For  the  particular  value  of  lateral  range,  x = 0,  y becomes 
equal  to  B,  the  range.  The  curves  of  Figure  8 are  plotted  as 
functions  of  range,  B. 


If  the  target  Is  passing  the  search  plane,  the 
probability  of  detection  as  a function  of  the  distance  of 
closest  approach,  or  lateral  range,  x,  Is  of  Interest.  To 
find  this  for  any  lateral  range,  x.  we  must  first  find  the 
blip/scan  integral  for  use  In  Equation  (2a).  Assume  that  there 
are  no  detections  in  the  sea  return  so  that  the  Integral  extends 
from  Infinity  to  the  value  of  y at  the  edge  of  the  sea  return, 
y0,  and  from  minus  y0  to  minus  Infinity.  Since  the  blip/scan 
ratio  Is  symmetrical  In  range,  B,  this  can  be  found  by  doubl- 
ing the  Integral  from  Infinity  to  y0.  These  Integrals  have 
been  arrived  at  directly  from  Figures  15  and  16,  and  the  results 
are  given  In  Figures  18  and  19  for  various  values  of  sea  return. 
These  are  the  basic  curves  from  which  the  lateral  range  curves 
for  any  relative  speed  can  be  obtained. 

The  value  of  - log  Q,  for  any  given  relative  speed, 
can  be  found  by  multiplying  the  blip/scan  Integral  for  the 
appropriate  lateral  range  and  sea  return  by  the  product  of 
Po  and  n,  the  number  of  scans  per  mile.  Finally,  the  pro- 
bability of  detection,  P,  is  obtained  by  finding  Q and  sub- 
tracting from  unity.  The  method  just  outlined  was  employed 


> 4 


I il  i l'l 


tliMW  } 


Submitted  by 1 

E.  S.  LA11AB 

Operations  Evaluation  Group 


V. 

Computer 

Operations  Evaluation  Oroup 


t 

i- 


<1,0)919-47 
3C  July  1947 


DECMiwirfPD^i 


Figure  IB.  BLIP/SCAN  INTEGRAL 
Two  Aircraft  Target 

(lttunbere  five  Rea  Return) 


